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Summary
Background:  Tibial  plateau  fractures  are  notoriously  difﬁcult  to  manage,  particularly  when
there is  a  medial  or  posteromedial  component.  We  report  a  retrospective  analysis  of  our  experi-
ence with  consecutive  tibial  plateau  fractures  including  a  medial  component  that  were  managed
using a  single  lateral  locking  plate.
Hypothesis:  Tibial  plateau  fractures  with  a  medial  component  can  be  effectively  managed  using
a single  lateral  locking  plate.
Materials  and  methods:  From  January  2005  to  December  2008,  20  patients  (ten  women  and  ten
men, mean  age  47  years)  were  managed  for  tibial  plateau  fractures  having  a  medial  component,
including ﬁve  Schatzker  IV,  ﬁve  Schatzker  V,  and  ten  Schatzker  VI.  One  patient  had  an  open
fracture. A  single  lateral  anatomically  contoured  locking  compression  plate  (LCPTM)  was  used
with or  without  additional  isolated  screws.  Mobilization  was  started  immediately  after  the
procedure, and  non-weight-bearing  was  maintained  for  at  least  6  weeks.
Results:  All  patients  were  followed  until  healing.  A  ﬁnal  evaluation  was  available  for  13  patients
after a  mean  of  39.1  months  (12—72);  ﬁve  patients  were  lost  to  follow-up  and  two  died.  Early
revision was  needed  in  one  patient  for  20◦ malreduction  within  the  fracture  site.  We  recorded
one case  each  of  deep  vein  thrombosis,  superﬁcial  infection,  knee  stiffness,  and  spontaneously
regressive  common  ﬁbular  nerve  dysfunction.  At  ﬁnal  evaluation  (n  =  13),  mean  range  of  motion
was 0◦/2◦/130◦ with  a  mean  Lysholm  score  of  94.1  (73—100)  and  a  mean  HSS  score  of  93.6
(74—99).  All  previously  employed  patients  returned  to  work  at  the  same  level  after  a  mean  of
4.5 months.  Mean  healing  time  (n  =  20)  was  10  weeks  (6—12).  Initially,  articular  step-offs  greater
than 2  mm  were  noted  in  ﬁve  patients.  At  healing,  no  further  displacements  or  aggravation  of
articular step-offs  were  recorded.  The  reductions  remained  stable  over  time.  At  ﬁnal  evalua-
tion (n  =  13),  mean  tibiofemoral  mechanical  angle  was  179.7◦ (176—184)  and  no  patients  had
evidence of  osteoarthritis.
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Discussion:  The  radiological  and  clinical  outcomes  in  our  patients  were  satisfactory.  A  single
lateral locked  plate  ensured  stable  reduction  of  tibial  plateau  fractures  with  a  medial  compo-
nent. Biomechanical  studies  of  these  fractures  have  provided  conﬂicting  data  on  the  stability
of reduction  using  single  plate  systems.  However,  previously  reported  clinical  outcomes  are
similar to  those  found  in  our  study  and  support  the  effectiveness  of  favouring  the  use  of  single
locking plate  ﬁxation.
,  non
.  All  
I
P
t
a
t
p
a
n
n
c
c
t
[
m
c
M
[
r
s
a
l
t
a
s
l
i
h
c
m
E
M
W
s
2
w
a
p
m
c
f
p
e
d
a
s
p
p
c
f
p
t
e
i
t
p
s
t
N
P
u
r
i
c
g
k
g
f
2
t
e
L
R
R
T
u
h
o
s
f
ﬁ
m
h
s
p
s
n
0
aLevel  of  evidence:  Level  IV
© 2012  Elsevier  Masson  SAS
ntroduction
roximal  tibial  fractures  account  for  only  1.2%  of  all  frac-
ures  in  adults  [1].  The  standard  treatment  of  complex
rticular  fractures  of  the  proximal  tibia  is  plate  ﬁxa-
ion,  which  is  particularly  important  when  the  medial
lateau  is  involved  [2—10]. To  date,  there  is  no  consensus
bout  the  relative  merits  of  the  various  available  inter-
al  ﬁxation  methods,  i.e.,  medial  plate,  dual  plating,  and
onlocking  versus  locking  plates.  Several  authors  have  advo-
ated  a  medial  plate  for  all  patients  with  medial  tibial
ondyle  involvement,  as  a  means  of  improving  resistance
o  axial  compression  [2—4]. Yoo  et  al.  [5]  and  Jiang  et  al.
6]  reported  that  standard  dual  plating  provided  greater
echanical  strength  than  a  single  lateral  locked  plate.  In
ontrast,  experimental  and  clinical  evidence  reported  by
ueller  et  al.  [7],  Gosling  et  al.  [8,9], and  Higgins  et  al.
10]  established  that  a  single  lateral  locked  plate  ensured
eliable  ﬁxation.  In  all  these  studies,  the  main  risk  was
econdary  displacement.  Single  lateral  plating  has  been
dvocated  as  a  means  of  decreasing  the  risk  of  skin  damage,
igament  damage,  and  surgical  site  infection  [11—20].
To  assist  in  resolving  this  controversy,  we  hypothesised
hat  complex  articular  fractures  of  the  tibial  plateau  having
 medial  or  posteromedial  fragment  would  be  effectively
tabilised  using  a  single  lateral  anatomically  contoured
ocked  plate.  Our  main  evaluation  criterion  was  radiolog-
cal  stability  from  the  immediate  postoperative  period  to
ealing.  Our  data  came  from  a  retrospective  review  of  20
onsecutive  patients  with  complex  proximal  tibial  fractures
anaged  using  a  single  lateral  locked  LCPTM plate  (Synthes®,
tupes,  France).
aterials and methods
e  retrospectively  reviewed  the  20  consecutive  patients
een  at  our  institution  between  January  2005  and  December
008  for  isolated  traumatic  fractures  of  the  tibial  plateau
ith  a  medial  component  and  treated  using  a  single  lateral
natomically  contoured  locked  plate  (LCPTM,  Synthes®,  Etu-
es,  France).  There  were  ten  men  and  ten  women,  with  a
ean  age  of  47  years  (range,  17—85).  The  fractures  were
lassiﬁed  according  to  Schatzker  [21]  and  the  only  open
racture  was  assessed  according  to  Gustilo  [22]. Of  the  20
atients,  11  were  employed  and  11  had  sustained  high-
nergy  injuries.  Table  1  reports  the  main  epidemiological
ata.
For  surgery,  the  patient  was  supine  on  a  standard  oper-
ting  table.  A  tourniquet  was  used  in  13  patients.  A  single
tandard  lateral  incision  with  inframeniscal  arthrotomy  was
a
d
tcomparative  retrospective  study.
rights  reserved.
erformed  in  all  20  patients.  In  two  patients,  medial
arapatellar  arthrotomy  was  required  to  stabilize  the  inter-
ondylar  eminence  (Fig.  1).  After  elevation  of  depressed
ragments,  complementary  screws  were  required  in  eight
atients  (Fig.  2),  to  secure  the  avulsed  anterior  tibial
uberosity  in  one  patient,  laterally  in  ﬁve  patients,  and  lat-
rally  and  medially  in  two  patients.  Medial  screws  were
nserted  percutaneously.  An  autologous  bone  graft  from
he  ipsilateral  iliac  crest  was  used  in  three  patients.  The
lates  were  secured  by  placing  locking  screws  in  the  epiphy-
eal/metaphyseal  and  diaphyseal  positions.  Mean  operating
ime  was  105  min  (range,  80—150  min;  median,  110  min).
on-weight-bearing  was  maintained  for  at  least  6  weeks.
assive  mobilization  was  started  immediately  after  surgery
sing  a  continuous  passive  motion  machine  in  the  0◦—90◦
ange.
We conducted  a  retrospective  review.  The  imaging  stud-
es  obtained  at  healing  and  at  the  ﬁnal  evaluation  were
ompared  to  those  obtained  immediately  after  surgery.  Pan-
onometry  was  performed  at  the  last  evaluation.  As  with
nee  replacement  surgery,  malalignment  was  deﬁned  as  a
reater  than  5◦ overall  deviation  versus  180◦.  Articular  sur-
ace  step-offs  were  considered  abnormal  if  they  exceeded
 mm  [2—10]. Healing  was  deﬁned  as  continuity  of  both  cor-
ices  on  the  anteroposterior  and  lateral  views.  The  clinical
valuation  parameters  were  range  of  motion  (ROM)  and  the
ysholm  [23]  and  HSS  [24]  scores  at  the  ﬁnal  evaluation.
eturn  to  work  was  recorded.
esults
able  2  reports  the  main  outcomes  at  healing  and  ﬁnal  eval-
ation.  Follow-up  data  were  obtained  in  all  patients  until
ealing  was  complete,  allowing  evaluations  in  all  20  patients
f  the  healing  time  and,  even  more  importantly,  of  con-
truct  stability.  Construct  stability  was  the  primary  criterion
or  evaluating  our  hypothesis.  Only  13  patients  underwent  a
nal  evaluation,  after  a  mean  of  38.1  months  (range,  12—66;
edian,  36  months).  Of  the  remaining  seven  patients,  two
ad  died  and  ﬁve  were  lost  to  follow-up.
We  recorded  four  complications:  deep  vein  thrombo-
is,  superﬁcial  Staphylococcus  aureus  infection  8  weeks
ostoperatively,  palsy  of  the  common  ﬁbular  nerve  with
pontaneous  recovery  within  6  weeks,  and  knee  stiff-
ess  requiring  arthrolysis  18  months  postoperatively  (ROM,
◦/15◦/80◦ before  and  0◦/5◦/130◦ after  arthrolysis).  In
nother  patient,  early  revision  was  required  on  postoper-
tive  day  10  for  malreduction  with  20◦ of  ﬂexion  in  the
iaphyseal  portion  of  a  Schatzker  VI  fracture.
Of  the  20  patients,  nine  reported  discomfort  due  to
he  hardware.  Among  them,  seven  underwent  hardware
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Table  1  Main  epidemiological  data  in  the  20  patients.
Patient  #  Age,  years  Sex  Occupation  Type  of  accident  Schatzker  Type  [21]  Immediate  complications
1  56  M  Executive  Domestic  VI
2 49  M  Cook  Sports-related  VI
3 45  F  Ofﬁce  clerk  MVA  VI
4 59  F  None  MVA  VI
5 55  F  None  Sports-related  VI
6 38 M  Factory  worker  MVA  VI
7 42 M Ofﬁce  clerk  MVA  V
8 34 M Attorney  MVA  VI  Open,  Gustilo  type  II  [22]
9 53 F None MVA IV
10 32 F None MVA VI
11 32  M  Factory  worker  MVA  IV
12 64  F  None  Domestic  IV
13 59  M  Executive  Domestic  IV
14 85  F  Retired  MVA  VI
15 44  M  Police  ofﬁcer  Domestic  V
16 70  F  Retired  Domestic  V
17 20  M  Cook  Sports-related  V
18 66  F  Retired  Domestic  VI
19 17  F  Student  MVA  IV
20 22  M  Factory  worker  MVA  V
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removal,  after  a  mean  of  18  months  (range,  5—32;  median,
18  months).  Hardware  removal  was  followed  by  an  infection
in  one  patient.
At  the  ﬁnal  evaluation,  mean  ROM  was  0◦/2◦/130◦. Four
patients  had  ﬁxed  knee  ﬂexion  with  a  mean  of  6.2◦ (5—10).
The  mean  Lysholm  score  was  94.1  (73—100;  median,  98)  and
the  mean  HSS  score  was  93.6  (74—99;  median,  97).  The  11
patients  who  had  been  employed  at  the  time  of  the  injury
were  able  to  return  to  the  same  job,  after  a  mean  of  4.5
months  (1—10;  median;  4  months).
Healing  was  achieved  in  all  20  patients,  after  a  mean
of  10  weeks  (6—16;  median,  10  weeks).  In  the  immediate
postoperative  period,  ﬁve  patients  had  an  articular  step-
off.  Comparisons  of  the  imaging  studies  immediately  after
surgery  and  at  healing  disclosed  no  further  malreduction  and
no  secondary  displacement.  Pangonometry  in  the  13  patients
who  underwent  a  ﬁnal  evaluation  showed  a  mechanical  axis
mean  of  179.7◦ (176—184;  median,  180◦),  compared  to  179◦
(176—183;  median,  180◦)  contralaterally.  None  of  the  13
patients  had  deviations  in  excess  of  5◦ and  none  had  evi-
dence  of  post-traumatic  osteoarthritis.
Discussion
Limitations  of  our  study  include  the  heterogeneous  patient
population,  surgery  by  several  different  senior  surgeons,  and
use  of  a  non-standardised  surgical  technique.  However,  the
availability  of  follow-up  data  until  healing  in  all  patients
allowed  us  to  evaluate  construct  stability  over  time.  The
absence  of  secondary  displacement  and  of  worsening  of
articular  step-offs  establishes  the  effectiveness  of  a  single
lateral  locked  plate  in  this  indication.
The  treatment  of  complex  proximal  tibial  fractures
remains  debated  in  the  literature,  and  there  is  no
e
m
o
eonsensus  on  the  relative  merits  of  single  plate  versus  dual
late  constructs  or  nonlocking  versus  locking  screws.  The
xperimental  and  clinical  results  published  to  date  are  con-
icting.  Experimental  studies  by  Wu  and  Tai  [2],  Ratcliff
t  al.  [3],  and  Zeng  et  al.,  [4]  support  the  use  of  a  medial
uttress  when  the  fracture  has  a  medial  component.  Yoo
t  al.  [5]  advocated  dual  plating  in  highly  complex  frac-
ures.  They  used  composite  tibias  to  compare  a  lateral  3.5
m  compression  plate  (CP),  dual  plating  with  a  CP  and  a
osteromedial  dynamic  compression  plate  (CP-DCP),  dual
lating  with  a  CP  and  a  posteromedial  1/3  tubular  plate,
 single  lateral  locking  plate,  and  the  Less  Invasive  Sta-
ilisation  System  (LISS).  Tolerated  axial  loads  were  highest
ith  the  CP  +  1/3  tubular  plate  construct  [5].  Jiang  et  al.  [6]
eported  identical  experimental  results.  In  contrast,  dual
lating  and  lateral  single  locked  plating  produced  similar
erformances  under  experimental  conditions  in  studies  by
ueller  et  al.  [7],  Gosling  et  al.  [8],  and  Higgins  et  al.
10].  Recent  experimental  work  has  clariﬁed  the  use  of
ocked  plates  in  complex  proximal  tibial  fractures.  Estes
t  al.  [25]  found  no  difference  between  all-locked  and  com-
ination  locked/nonlocked  constructs  during  axial  loading.
ullen  et  al.  [26]  reported  that  polyaxial  locking  plates  with
xial  screws  provided  the  greatest  stiffness  and  loads  to
ailure.  Lindeque  and  Baldini  [27]  compared  three  locking
ystems  and  found  that  Synthes® and  DePuy® were  associ-
ted  with  greater  loads  to  subsidence  compared  to  Zimmer®
nd  that  DePuy® gave  the  greatest  load  to  failure.  These
ublished  data  support  the  effectiveness  of  a  single  lat-
ral  locking  plate.  Our  imaging  study  ﬁndings  support  the
xperimental  results  by  showing  no  secondary  displace-
ent  or  worsening  of  initial  malreductions.  The  stability
f  the  constructs  over  time  conﬁrms  our  working  hypoth-
sis.
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Table  2  Outcomes  in  the  20  patients.
Pt  #  FU  (mo)  Postoperative
complications
Step-off  >2  mm  Healing  time
(weeks)
ROM  (◦)  Lysholm  score  [23]  HSS  score  [24]  Return  to
work  (mo)
1  3  (LTFU)  6  0/0/120  LTFU  LTFU  3
2 45 Deep  vein
thrombosis
10  0/0/140  100  99  3
3 3  (LTFU)  10  LTFU  LTFU  4
4 8  (LTFU)  Revision  for  20◦
ﬂexion
malreduction
Transient  palsy  of
common  ﬁbular
nerve
10  0/0/120  LTFU  LTFU
5 22 (LTFU)  Stiffness:  0/15/80,
arthrolysis  after
18  mo
16  0/5/130  at  last  FU  LTFU  LTFU
6 3 (LTFU)  8  0/0/140  LTFU  LTFU  4
7 54  12  0/0/140  91  99  10
8 29  8  0/0/140  99  94  1
9 36  6  mm  medial  8  0/0/120  98  90
10 19  12  0/0/120  73  74
11 66  8  0/5/140  100  98  4
12 12  8  mm  lateral  8  0/10/110  100  99
13 54  4  mm  medial  8  0/0/130  100  98  4
14 12  (D)  12  0/10/100  D  D
15 54  10  0/0/135  87  88  5
16 48  6  mm  medial  10  0/0/120  92  89
17 32  12  0/0/140  89  94  3
18 46  (D)  4  mm  medial  8  0/0/120  D  D
19 27  10  0/5/140  95  97
20 20  Superﬁcial
infection
12  0/5/125  100  98  8
Pt: patient; FU: follow-up; mo: months; ROM: range of motion; LTFU: lost to follow-up; D: died.
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Figure  1  Schatzker  V  fracture  of  the  right  tibia.  A:  anteroposterior  and  lateral  preoperative  radiographs  showing  a  Segond
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efracture; B:  preoperative  computed  tomography  showing  later
Note the  additional  screws  maintaining  the  lateral  depressed  fr
In  a  clinical  study  by  Barei  et  al.  [28], dual  plate  ﬁxa-
tion  via  conventional  surgical  approaches  was  reliable  and
produced  satisfactory  clinical  outcomes.  According  to  de
la  Cafﬁnière  [29], a  semi-circular  anterior  plate  was  asso-
ciated  with  good  clinical  outcomes  and  stable  radiological
results.  Minimally  invasive  approaches  have  been  developed
to  minimize  skin  complications  and  infections.  Using  min-
imally  invasive  percutaneous  dual  plating,  Oh  et  al.  [30]
obtained  21  excellent  clinical  outcomes  among  23  patients,
with  malalignment  in  9.5%  cases.  These  authors  empha-
sized  the  absence  of  iatrogenic  complications  with  this
minimally  invasive  surgery.  We  have  no  experience  with  min-
imally  invasive  surgery  for  complex  proximal  tibial  fractures
and  we  remain  convinced  that  directly  controlled  reduc-
tion  is  preferable.  In  the  literature,  a  single  clinical  study
(n  =  84)  compared  conventional  dual  plating  to  a  single  lat-
eral  locked  plate  via  a  minimally  invasive  approach  (LISS)
[31].  No  statistically  signiﬁcant  differences  were  found  for
loss-of-reduction,  hardware  failure,  infection  rates,  heal-
ing  rates,  or  the  functional  HSS  score.  However,  imaging
studies  showed  signiﬁcantly  greater  malalignment  with  the
T
i
dpression  and  tibial  spine  avulsion;  C:  radiographs  at  healing.
nt  and  the  avulsed  fragment.
ISS  system,  which  was  probably  ascribable  to  the  mini-
ally  invasive  approach.  The  authors  concluded  that  the
ISS  was  effective  and  was  an  alternative  treatment  option
o  dual  plating  but  that  conventional-incision  dual  plat-
ng  remained  the  standard  of  care  [31]. Ten  recent  studies
eport  outcomes  after  locked  plating  of  complex  proximal
ibial  fractures  [11—20]. Malreduction  rates  ranged  from
%  to  23%  and  loss-of-reduction  rates  from  0%  to  14%.  We
ecorded  no  cases  of  secondary  displacement  but  found  an
rticular  step-off  rate  of  25%.  All  the  authors  concluded  that
 lateral  locked  plate  is  appropriate  for  complex  proximal
ibial  fractures  and  provides  both  stable  radiological  results
ver  time  and  a  good  level  of  functional  recovery.  Our  radio-
linical  data  conﬁrm  this  conclusion  and  emphasize  the  need
or  high-quality  initial  reduction.  The  ROM  and  functional
core  results  in  our  study  are  highly  satisfactory,  and  all
mployed  patients  were  able  to  return  to  their  previous  job.
hus,  in  our  experience,  articular  step-offs  do  not  seem  to
mpact  the  radio-clinical  results  in  the  short-term.
Minimally  invasive  surgery  is  possible  but  is  highly
emanding  and  technically  challenging  in  patients  with  tibial
178  M.  Ehlinger  et  al.
Figure  2  Schatzker  V  fracture  of  the  right  tibia.  A:  anteroposterior  and  lateral  preoperative  radiographs;  B:  preoperative  computed
tomography showing  the  medial  injury;  C:  radiographs  at  healing.  Note  the  additional  anteroposterior  screw  used  to  secure  the
medial fragment.
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plateau  fractures  involving  articular  fracture  [32]. Consid-
erable  experience  is  required.  However,  minimally  invasive
surgery  has  been  advocated  for  patients  with  soft  tissue
damage  [11—20]. Medial  fragment  ﬁxation  may  require  addi-
tional  screws  to  stabilize  the  fracture  line  located  chieﬂy  in
the  coronal  plane.  This  is  the  limit  of  the  monoaxial  conﬁgu-
ration  of  locking  screws.  Most  authors  have  emphasised  this
point  [11—20].
Conclusion
A  single  lateral  locking  plate  ensured  good  outcomes  in
patients  with  proximal  articular  fractures  of  the  tibia  having
a  medial  component.  The  imaging  study  results  were  stable
over  time  and  the  short-term  clinical  outcomes  were  sat-
isfactory,  conﬁrming  our  working  hypothesis.  Importantly,
the  monoaxial  conﬁguration  of  locking  screws  requires  the
insertion  of  additional  screws  to  provide  strong  ﬁxation  in
patients  with  coronal  medial  fracture  lines.
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